A lthough a substantial amount of research has been done on the impact of manure on succeeding crops, relatively little research has examined its influence on potatoes. Even though manure contains a signifi cant quantity of nutrients, the specifi c amounts of these nutrients vary depending on animal type and age, composition of feed ration, type and amount of bedding, climatic conditions, storage and handling systems, and method of fi eld application (Azevedo and Stout, 1974; Gilbertson et al., 1979; Smith and Peterson, 1982) . Additional uncertainty exists relative to the amount of these nutrients that are available to a succeeding crop. Accurate estimates of availability are essential if manure nutrients are to be effectively recycled in crops.
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Manure N is composed of relatively unstable urea in the liquid portion and a relatively stable organic N fraction in the feces and bedding. About 50% of the total N excreted by dairy cows is in the form of urea in the urine (Azevedo and Stout, 1974; Powell and Wu, 1999) . In the presence of the urease enzyme, the urea hydrolyzes to ammonium bicarbonate and then converts rapidly to ammonia-ammonium where it may be adsorbed by the clay particles, volatilized, or simply stays as ammonium in the soil water (Bitzer and Sims, 1988 . Availability estimates using the fertilizer equivalence method based on tuber yield, harvested tuber N concentration and uptake, petiole nitrate concentration, and soil nitrate levels resulted in apparent availability of manurial N from 10% to 40%, with an overall average across both years of 29.2%. This level is only slightly less than values typically measured where corn has been used as the test crop. In spite of being more shallowrooted and perhaps somewhat less effi cient in N use it does not appear that adjustments to manurial N availability estimates are warranted when potatoes are grown.
The amount of N that is available to the crop is the sum of the contributions from urea and the mineralization of the more stable organic fractions, minus the amount that is lost to leaching or volatilization. Research estimating the N availability from dairy manure has shown that from 10% to 60% is available in the fi rst year after application with an average of 37% available when corn (Zea mays) is used as a test crop (Jemison and Fox, 1994; Jokela, 1992; Klausner and Guest, 1981; Magdoff et al., 1984; Motavalli et al., 1989; Pratt et al., 1976) . Along with the nutrient value of manure, its addition can have a signifi cant effect on soil properties, such as an improvement of soil cation exchange capacity, organic matter content, bulk density, and water holding capacity (Black and White, 1973) .
Potatoes may respond to manure as a nutrient source differently than other crops such as corn since they have a much shallower [<3 ft (0.9 m) versus 5 ft (1.5 m) for corn] and less dense root system (Powelson et al., 1993) . Potatoes also put their energy into below-ground growth and produce very large amounts of dry matter (tubers) and are notoriously ineffi cient users of applied N. Although some scientists have looked at the impact of manure on potato yield and tuber quality (Grandy et al., 2002; Lee and MacDonald, 1977; Sharma et al., 1980) , few have actually experimentally determined N availability of manure to this crop.
One approach to estimating nutrient availability is by using fertilizer equivalence. This method attempts to accurately determine the amount of fertilizer nutrient that produces the same yield, nutrient uptake, or other measured response that is found for a given amount of the nutrient from manure. This approach is based on the assumption that the parameters chosen are appropriate measures of nutrient availability and that nutrients from manure and fertilizer-amended areas are taken up with the same effi ciency (Klausner and Guest, 1981; Motavalli et al., 1989) . A response is fi tted to the experimental values obtained for inorganic fertilizer and the fertilizer equivalence is found by determining the fertilizer rate with an equivalent response, determined by the curve, as that of the manure. The equivalent fertilizer N rate is then divided by the total manurial N applied to calculate nutrient availability.
The objective of this preliminary study was to determine the N availability to potatoes from liquid dairy manure for the fi rst 2 years of the work using the fertilizer equivalence method. Table 1 .
Materials and methods

Research
Results from the manure treatments were compared with those obtained from N fertilizer plots where fi ve rates of N [0, 60, 120, 180, or 240 lb/acre (0, 67.2, 134.5, 201.7, or 269.0 kg·ha -1 ] were used. Nitrogen fertilizer was applied by hand in a band on the potato row in two applications with onethird at emergence as ammonium sulfate and two-thirds at mid-tuberization as ammonium nitrate. To ensure adequacy of phosphorus (P), 240 lb/acre (269.0 kg·ha -1 ) of P 2 O 5 was broadcast as triple super phosphate to all plots directly before planting and incorporated by the planter. Potassium was also applied to all plots as a preplant broadcast application of 400 lb/acre (448.3 kg·ha ) of 2N-0.9P-9.3K starter fertilizer as a carrier for the systemic insecticide imidacloprid. Other pest management and irrigation practices followed the standard practice for the area and were performed by the station personnel.
Preplant and postharvest soil samples were taken in 2000 and 2001 to a depth of 3 ft in 1-ft increments, by taking four cores down the center of the row and four cores from each side approximately 3 inches (7.6 cm) from the center line for a total of 12 cores per plot. Midseason surface soil samples 0 to 1 ft were collected at about 30 d after emergence (DAE) and again at 60 DAE. Soils were oven dried at about 140 o F (60.0 o C) in a forced air dryer and ground to pass a 12-mesh screen. Nitrate-N was determined according to a modifi cation of the procedure described by Liegel et al. (1980) . The potassium chloride extract was fi ltered through Whatman #2 paper and analyzed colorimetrically using QuickChem Method 13-107-04-1-B (Lachat Instruments, 1992a) on a Lachat autoanalyzer (Lachat Instruments, Milwaukee, Wis.).
An assessment of crop N status was provided by nitrate-N analysis of petioles sampled four times during each growing season (26 to 30, 36 to 44, 44 to 60, and 57 to 75 DAE). Each o C) and ground to pass through a 40-mesh screen. Samples (0.1 g) were extracted with distilled water and nitrate-N analysis was performed colorimetrically using a Lachat autoanalyzer (Lachat Instruments, 1992a) .
In late September 2000 and early October 2001, the two center rows of each plot were machine harvested. The tubers were graded into US#1, B [not retained on a 2-inch (5.1-cm) screen], and cull (off shape, blemished, green, diseased). A 30-to 40-lb (13.6-to 18.1-kg) sample of the US#1 tubers were size graded into <6 oz (170 g), 6 to 10 oz (284 g), and >10 oz categories. Tubers were analyzed for total N following a semi-micro Kjeldahl digestion procedure adapted from Liegel et al. (1980) . The digestions were performed on 250 mg of tuber tissue in Pyrex Folin-Wu tubes (Corning Glass Works, Corning, N.Y.) graduated at 50 mL. The digests were then diluted to 50 mL, fi ltered and analyzed for total N colorimetrically on the Lachat autoanalyzer (Lachat Instruments, 1992b), using the QuickChem Method 13-107-06-1-A, with sodium phenate, and 5.2% sodium hypochlorite.
Manure N availability was estimated by the fertilizer equivalence method. For each rate and year, crop responses from the manure treatments were compared with those obtained from inorganic fertilizer treatments. Tuber yield and total N concentration, N uptake, petiole N, and soil N values at all samplings were regressed against the fertilizer N rates to establish the N response curve for each parameter.
Fertilizer equivalence values were calculated by establishing the point on the crop response curve for each manured plot, and then calculating the fertilizer rate that would have produced the same response. Fertilizer equivalents were determined for each replication and averaged.
Statistical analyses was performed using the SAS software (SAS Institute, 1990). Where there were equivalent measures repeated in time, analyses of variance was used. Standard errors were calculated using the SAS software, as the sample standard deviation divided by the number of observations in the sample. Regression analysis by linear, quadratic and exponential models were performed to determine crop response to fertilizer rate.
Results and discussion
Tuber yield, tuber N concentration, and tuber N uptake values from the fertilizer and manure treatments for 2000 and 2001 are presented in Table  2 . It is apparent that manure provided some advantage to the growth of the crop beyond just N as the yield and tuber N concentration and uptake values of the high manure rate in 2000 and both rates in 2001 exceeded the values obtained from all other N fertilizer treatments. In 2000, the low manure rate responded the same as the 60-lb/acre rate of N fertilizer. Orthogonal contrast of treatments for 2000 yield found signifi cance between control versus others (P < 0.01), control versus fertilizer (P < 0.01) and control versus manure (P < 0.01). The lack of signifi cant crop response to the addition of fertilizer N in 2001 was likely due to the healthy stand of red clover (Trifolium pratense) present the previous season that was not killed and plowed under until the spring of 2001. The presence of this legume may have provided additional N to the potato crop early in the season. A pairwise contrast performed on the 2001 yield data showed that a contrast of manure versus fertilizer was signifi cant at P = 0.05, with manure resulting in greater yield. Data for the other measured parameters (petiole N and soil N) are not given; however, signifi cant fertilizer treatment responses were seen at all sampling times in both years.
Nitrogen availability estimates were made by fi rst fi tting regression curves to the experimental data from the fertilizer treatments for the various parameters measured. Regression analysis was performed by testing several models (linear, quadratic, or quadratic-plateau), and the best-fi t model as determined by the largest signifi cant R 2 value was used for each parameter (Table 3) . The regression equations show signifi cant responses to all parameters in both years except for yield, tuber N concentration and tuber N uptake in 2001.
Estimates of N availability for 2000 and 2001 by the fertilizer equivalence method based on tuber yield, harvested tuber N uptake and concentration, mid-season and harvest soil nitrate levels and petiole nitrate levels are presented in Table 4 . In 2000, for the low manure rate an estimate of apparent N availability from the manure of 19.4% was calculated using yield and generally similar results were obtained using tuber N concentration or tuber N uptake. At the high manure rate in 2000 an estimate could not be made using yield because the high manure treatment had a greater yield than all of the fertilizer treatments. This was also true for the 60 DAE petiole sampling and for the 30 DAE soil sampling for both manure rates in 2000. Estimates using the petiole and soil parameters for 2000 were generally similar to those obtained using the tuber parameters except for the very high values seen for the 30 DAE petioles and the 60 DAE soil samples. Overall for this experiment in 2000, the low manure and the high manure rates resulted in roughly the same availabilities of 30% to 32%. In 2001, yield and tuber N responses to fertilizer rate were not significant, therefore no availability estimates were calculated using these parameters. However, the rest of the equivalence parameters had relatively high R 2 values and the estimates of availability values were generally similar to those obtained the previous year with the low rate and the high rate, averaging 26.9 and 23.0% availability, respectively.
The petiole nitrate concentrations from both the low and high manure rate show an interesting trend. The percentages of N availability at 30 DAE in 2000 at both rates were very high, (69% for the low rate and 52% for the high rate). For the three subsequent sampling dates, there was a substantial drop in estimated N availability to an average of 24.6% for the low rate, and 25.8% for the high rate, indicating an apparently larger concentration of N from the manure in the petiole earlier in the season. These results are counter to our expectations since the equivalence is based on the total amount of manurial N applied including the organic fraction, which we would expect to be more slowly available. This may be misleading with respect to estimating N availability as illustrated by the lower but consistent percentages of availability for the remaining three samplings. The same general trend held true in 2001.
Comparing these results with others that have performed similar availability experiments on corn show that the dairy manure N may be slightly less available to potato, however, these differences appear minor. Klausner et al. (1994) estimated mineralization constants for dairy and beef manure and found that they usually fall between 16 to 21% for yield and N uptake of corn. Similarly, Jokela (1992) reported N availability of 39% from dairy manure to corn. Other researchers who conducted experiments to determine the availability of liquid dairy manure such as Klausner and Guest (1981) , Motavalli et al. (1989) , and Jemison and Fox (1994) estimated N availabilities at 42%, 32%, and 54% respectively. Chambers et al. (1999) , evaluating poultry manure on potato, found the mean N availability to be 38% when manure was applied late winter-early spring and 32% from fall-early winter applications.
Although potato may respond differently to the addition of manure due to its relatively shallow rooting system and relatively high N requirements, the N availability estimates from this experiment using fertilizer equivalence are generally similar or only slightly lower than the results reported by others for liquid dairy manure to corn. The exceptionally high yields of the manure treatments indicate that the manure was providing benefi ts beyond N and P nutrients. Overall we saw an estimate of 29.4% availability of N from about 10,418 gal/acre (97,446 L·ha 
